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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 5 

The present invention relates to a satellite signal 
tracking system for Global Positioning System (GPS) re- 
ceivers. 

10 

2. Description of the Prior art 

Positioning systems currently in service utilizing ar- 
tificial satellites include a so-called Global Positioning 
System (GPS). IS 

This positioning system, as the name implies, will 
cover the entire surface of the Globe by a total of 24 ge- 
odetic satellites when all of them are launched into six 
orbits at an altitude of approximately 20,200 km above 
the Earth, wherein four geodetic satellites are assigned 20 
for each orbit. Each geodetic satellite transmits a GPS 
signal containing navigational data for positioning to the 
Earth in a spread-spectrum system. The positioning is 
carried out with use of a GPS receiver arranged on the 
ground, on the sea as well as in the air by receiving GPS 
signals from a plurality of geodetic satellites, for exam- 
ple, by receiving GPS signals from three geodetic satel- 
lites for two-dimensional positioning and that from four 
geodetic satellites for three-dimensional positioning. In 
this way, based on the navigational data contained in the 
GPS signal from each geodetic satellite, position infor- 
mation of the receiving point such as a latitude, longitude 
and altitude at the time of reception can be reckoned on 
a real time base. 

This GPS system was originally developed for U.S. 
military use, however a part of the GPS signal (C/A code) 
has been made open to the civil use. Therefore, it is pos- 
sible to build navigation systems for motor vehicles, ves- 
sels, aircraft and the like by making use of the GPS sig- 
nal. 

A GPS receiver used for a vehicle-mounted naviga- 
tion equipment starts a search operation to recapture the 
GPS satellite when the GPS satellite is screened from 
reception with a building and the like and the reception 
of the GPS signals is interrupted for more than a speci- 
fied period of time (for example, one minute) in accord- 
ance with operational steps shown in a flowchart of Fig. 
1. 

The GPS satellites are transmitting GPS signals on 
a frequency of 1575.42 MHZ, however, since they are 
not geostationary, the receiving frequency may shift due 
to the Doppler effect. The Doppler frequency shift 
caused by the orbiting GPS satellite is approximately ± 
5 KHz on the ground. 

The Doppler effect may also be caused by the move- 
ment of the GPS receiver itself or, in case of a vehi- 
cle-mounted GPS receiver, by the movement of the ve- 
hicle. The Doppler frequency shift becomes the maxi- 



mum of ± 600 Hz when the vehicle moves at a speed of 
60 m/sec. Further, a frequency shift of approximately ± 
3 KHz may occur at an oscillator of the GPS receiver. By 
adding these frequency shifts, the maximum frequency 
shift will become 5,000 ± 600 ± 3,000 = ± 8,600 Hz. This 
means that the satellite signal receiving frequency may 
shift to the maximum of ± 8,600 Hz from the center fre- 
quency of 1575.42 MHz. 

Accordingly, if an attempt is made to recapture the 
lost GPS satellite by covering the maximum shift range 
of ± 8,600 Hz. It is required for the GPS receiver to 
search after the satellite signal by swinging the search 
frequency widely within the maximum frequency shift 
range of ± 8,600 Hz with the frequency of 1575.42 MHz 
in the center. 

Generally, the GPS receiver adopts a phase- locked 
loop (PLL) circuit in its receiving circuit in order to syn- 
chronize the receiving frequency of the GPS receiver ac- 
curately with the transmitting frequency of the GPS sat- 
ellite. There is no problem if a capture range of the PLL 
circuit is set widely enough to cover the maximum fre- 
quency shift range of ± 8,600 Hz. However, in practice, 
due to structural limitations of the circuit configuration, 
the capture range of the PLL circuit is forced to be as 
narrow as ± 150 Hz = 300 Hz or so. 

Therefore, in order to capture the satellite signals by 
covering the maximum frequency shift range of ± 8,600 
Hz in the receiving frequency, it is necessary for the GPS 
receiver to divide the search frequency of the PLL circuit 
into multiple steps and perform the search by switching 
the steps as shown in Fig. 2. It is assumed, for example, 
that one PLL capture range is ± 150 Hz = 300 Hz ; a 
number of steps to be performed in searching will be 
8,600/300 = 28.66 = 28. That is, the search frequency 
should be switched as many as 28 steps for one side of 
the transmission frequency of the GPS satellite, and the 
total of 56 steps are required to cover the overall search 
range for upper and lower sides. 

As mentioned previously, since the satellite signal is 
transmitted in accordance with the spread-spectrum sys- 
tem, the received signal should be despread firstly to 
identify whether or not the signal received is the one 
transmitted from the target GPS satellite. It takes about 
one second for this identification, accordingly, 56 steps 
of searching operation require at least 56 seconds and 
the essential reckoning for the position cannot be per- 
formed within this period of time. 

Furthermore, the GPS receiver needs to capture 
and track at least three, desirably four, GPS satellites for 
positioning. The most preferable configuration of the 
GPS receiver is to allot one receiving channel for each 
GPS satellite. However, in a commercial instrument such 
as the vehicle-mounted navigational equipment de- 
scribed above, it is common to employ a single receiving 
channel in terms of requirements such that accuracy in 
positioning, low production cost, miniaturization and the 
like, and thereby the single receiving channel is multi- 
plexed by time-division to enable the GPS receiver to re- 
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ceive satellite signals from three or four GPS satellites 
in sequence. In case of recapturing, for example, N sat- 
ellites for tracking by using a sequential receiving type 
GPS receiver, at least 56 x N seconds are necessary 
for making one round of the recapturing operation as 
shown in Fig. 2. 

If the signal from the GPS satellite is happened to 
be interrupted by a building and the like while, for exam- 
ple, the vehicle was stopped at a stop signal and that the 
PLL search frequency was locked right on the receiving 
frequency of the GPS satellite, it may take another 56 X 
N seconds for the PLL search frequency to Jock on the 
receiving frequency of the GPS satellite in the next. Ac- 
cordingly, there has been a problem with the prior art 
GPS receiver as it takes a considerable time for recap- 
turing a GPS satellite, thus resulting in excessive delay 
before restarting the positioning. 

It is therefore an object of this invention to eliminate 
the problem encountered in the prior art system and to 
provide a satellite signal tracking system for use in a GPS 
receiver enabling it to recapture a GPS satellite within 
the shortest possible time. 

It is another object of this invention to provide a sat- 
ellite signal tracking system for use in a GPS receiver 
allowing it to perform a wide band search repeatedly by 
predicting the receiving frequencies of the GPS satellite 
at least from the second search and thereafter for ena- 
bling it to recapture the GPS satellite within the shortest 
possible time. 

SUMMARY OF THE INVENTION 

In accordance with a first embodiment and as set 
out in the appended claim 1 , the satellite signal tracking 
method for a GPS receiver includes a step of performing, 
in a GPS receiver being arranged to start recapturing of 
a GPS satellite when the reception of the satellite signal 
is interrupted for a predetermined period of time, a 
search for satellite signals by widening a PLL search fre- 
quency band as the search is repeated in order to recap- 
ture the GPS satellite with the lost satellite signal receiv- 
ing frequency in the center for the PLL search frequency. 

In accordance with a second embodiment and as set 
out in the appended claim 4, in a GPS receiver being 
arranged to start recapturing of a GPS satellite when the 
reception of the satellite signal is interrupted for a prede- 
termined period of time, the satellite signal tracking 
method for a GPS receiver includes a step of performing 
a narrow-band search for satellite signals by shifting the 
center frequency for the PLL search frequency band 
along a Doppler shift curve of the satellite signal receiv- 
ing frequency in order to recapture the GPS satellite with 
the lost satellite signal receiving frequency at the starting 
point for the shifting. 

In accordance with a third embodiment and as set 
out in the appended claim 6, in a GPS receiver being 
arranged to start wide-band searching for satellite sig- 
nals by varying a PLL search frequency across the whole 



width of the maximum shift range of the satellite signal 
receiving frequency when the reception of the satellite 
signal is interrupted for a predetermined period of time, 
the satellite signal tracking method for a GPS receiver 

5 includes steps of performing, firstly, a narrow-band 
search for satellite signals for a preset period of time, 
which is attained by dividing a capture range of the PLL 
circuit by the Doppler shift rate of the receiving frequency 
being caused by the GPS satellite, by varying the search 

10 frequency within the range of the frequency shift based 
on the Doppler shift rate and the Doppler frequency shift 
caused by a moving speed of the GPS receiver with the 
lost receiving frequency in the center and, secondly, a 
wide-band search for satellite signals after the preset 

15 time has elapsed without recapturing any satellite signal 
by finding an estimated satellite signal receiving frequen- 
cy through computing again the Doppler frequency of the 
GPS satellite at the time when the preset period of time 
has elapsed based on orbital information (almanac data) 

20 stored in the GPS receiver and by switching the search 
mode with the estimated satellite signal receiving fre- 
quency in the center. 

In accordance with a third embodiment and as set 
out in the appended claim 9, in a GPS receiver being 

25 arranged to perform a wide- band search repeatedly by 
varying a PLL search frequency to cover a range of the 
maximum frequency shift of the satellite signal receiving 
frequency when the reception of the satellite signal is in- 
terrupted for a predetermined period of time, a satellite 

30 signal tracking method for a GPS receiver includes a 
step of performing a wide-band search for the second 
time and thereafter by estimating a satellite signal receiv- 
ing frequency to start with for the wide band search 
based on the recalculation of the Doppler frequency of 

35 the GPS satellite at the commencement for each search 
and that of an offset frequency of a built-in clock of the 
GPS receiver with the estimated satellite signal receiving 
frequency in the center over a preset period of time. 
In a vehicle-mounted GPS receiver, for example, the 

40 maximum shift range of the satellite signal receiving fre- 
quency is ± 8,600 Hz or so and the rate of Doppler shift 
of the receiving frequency at that time is approximately 
40 Hz/min at the maximum. 

Therefore, the satellite signal receiving frequency 

45 being interrupted after the vehicle has entered into a tun- 
nel and the like may vary, with the lapse of time, so as 
to apart gradually from the receiving frequency with the 
lapse of time in accordance with the aforesaid rate of 
Doppler shift. 

so For this reason, in case of recapturing the GPS sat- 
ellite, there is more probability for a GPS receiver to re- 
capture satellite signals by performing a search as in- 
creasing a search frequency band gradually with the rep- 
etition of searching or by performing a narrow-band 

55 search as remaining the search range within a narrow 
band while shifting the center frequency of the search 
frequency along the Doppler shift curve of the receiving 
frequency than by performing a search, as in the prior 
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art G PS receiver as shown in Fig. 2, as swinging a search 
frequency widely from the beginning to the extent of the 
maximum shift range ± 8,600 Hz of the satellite signal 
receiving frequency. Accordingly, in the first embodiment 
of the present invention, since the search region of the 
PLL circuit for searching the satellite signal in increased 
gradually toward a wide band, the probability of finding 
the GPS satellite is increased and that the time required 
for recapturing the GPS satellite is greatly decreased. 

In accordance with the second embodiment of the 
invention, the center frequency of the PLL search fre- 
quency is varied along the Doppler shift curve of the sat- 
ellite signal receiving frequency, so that the probability 
of finding the GPS satellite is also increased and that the 
time required for recapturing the GPS satellite is de- 
creased. 

Since the Doppler frequency shift to be caused by 
the movement of the GPS satellite is ± 5 KHz at the max- 
imum and the Doppler shift rate is around 40 Hz/min at 
the maximum, if the capture range of the PLL circuit is 
assumed to be, for example, 300 Hz = ± 150 Hz, it takes 
1 50/40 = 3 minutes 45 seconds or so for the satellite sig- 
nal receiving frequency to deviate from the capture range 
by the Doppler shift. 

Conversely speaking, the Doppler frequency shift to 
be caused by the GPS satellite remains, until the time of 
3 min 45 seconds elapses, within the capture range ± 
1 50 Hz of the PLL circuit with the lost receiving frequency 
in the center. As for the cause of the shift of the satellite 
signal receiving frequency, there are the Doppler fre- 
quency shift caused by the movement of the GPS receiv- 
er itseif and the frequency shift of an oscillator installed 
in the GPS receiver besides the caused by the move- 
ment of the GPS satellite, however, such frequency shifts 
are occurs very slowly within a long period of time and, 
therefore, they are negligible within such a short period 
of time as several minutes. 

Therefore, it is quite possible that the maximum shift 
range of the satellite signal receiving frequency within 
the period of 3 minutes 45 seconds remains within a 
range of ± 750 which is the sum of the capture range ± 
1 50 Hz of the PLL circuit and the Doppler shift ± 600 Hz 
caused by the movement of the GPS receiver. 

The present is based on this concept and arranged 
to perform, when a satellite signal becomes unreadable, 
firstly, a narrow-band search for the satellite signal for a 
preset period of time computed by dividing the capture 
range of the PLL circuit by the Doppler shift rate of the 
satellite signal receiving frequency by varying the search 
frequency within the maximum frequency shift range es- 
timated by the capture range of the PLL circuit and a 
speed of the movement of the GPS receiver with the lost 
receiving frequency in the center. 

When no satellite signal is recaptured within the pre- 
set period of time, an estimated satellite signal receiving 
frequency is found by computing again the Doppler fre- 
quency of the GPS satellite at the time when the preset 
period of time has elapsed based on the almanac data 



stored in the GPS receiver, and performing a wide-band 
search for satellite signals by varying the PLL search fre- 
quency across the entire width of the maximum shift 
range of the satellite signal receiving frequency with the 
s estimated receiving frequency in the center. As the con- 
sequence of the foregoing, the time required for recap- 
turing the satellite signal is shortened whether in the nar- 
row-band search or in the wide-band search. 

Regarding the first time wide-band search for cap- 
to turing a GPS satellite by the GPS receiver, if it is a search 
for capturing a GPS satellite for the first time under such 
condition as no GPS satellite has been captured, 
so-called "the initial capturing", the search is started with 
a satellite signal receiving frequency which is computed 
15 from the almanac data stored in the GPS receiver as as- 
signing it as the center frequency, while if it is a search 
for recapturing the lost GPS satellite again under such 
condition as the contact with the GPS satellite has lost, 
so-called "the recapturing", the search is started with the 
20 satellite signal receiving frequency which was in use 
when the contact has lost as assigning it as the center 
frequency. 

As described above, the frequency of the receiving 
satellite signal may shift to the maximum extent of ± 5 

25 KHz due to the Doppler shift caused by the movement 
of the GPS satellite, and in addition to this, the built-in 
clock of the GPS receiver may drift within the maximum 
range of ± 3 KHz or ten steps (3000/300 = 10) if it is 
expressed by search steps of the PLL circuit. 

30 Therefore, in both cases of the initial capturing and 
the recapturing, if the desired GPS satellite could not be 
captured in the first wide-band search, it Is highly prob- 
able in the following second wide-band search and there- 
after that the satellite signal receiving frequency may be 

35 deviated greatly from the center frequency which has 
been used in the first wide-band search. Hence, it is pref- 
erable to perform the wide-band search with the frequen- 
cy which is considered to be closest to the satellite signal 
receiving frequency at the time of starting each search 

40 as assigning it the center frequency to start with, rather 
than performing the search indiscriminately. 

Accordingly, the present invention is grounded on 
the concept as described above, and thereby if a GPS 
satellite could not be captured through a first wide band 

45 search, the Doppler frequency of the GPS satellite and 
the offset frequency of the built-in clock of the GPS re- 
ceiver are recalculated prior to perform the wide-band 
search for the second time and thereafter for estimating 
a satellite signal receiving frequency at the time of start- 

50 ing the succeeding wide-band search based on the Dop- 
pler frequency and the offset frequency, and then the sat- 
ellite signal is searched by sweeping the PLL search fre- 
quency to cover a wide-band with the estimated satellite 
signal receiving frequency in the center. 

55 With this configuration, the wide-band search can be 
performed with the frequency being predicted to be clos- 
est to the satellite signal receiving frequency at that time 
in the center, thus increasing the probability for capturing 
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the GPS satellite considerably. 

The Doppler frequency of the GPS satellite for pre- 
dicting the aforesaid receiving frequency can be ob- 
tained by calculating the almanac data or ephemeris 
data received at that point of time. s 

Further, the offset frequency of the built-in clock of 
the GPS receiver can be obtained in the process of reck- 
oning the current position of the GPS receiver. 

The GPS receiver can be started for positioning at 
the time when at least three needed satellites are in con- 10 
tact and a position dilution of precision (PDOP) is less 
than a fixed value. Normally, in the GPS receiver, a sat- 
ellite signal from an extra GPS satellite is received simul- 
taneously in a sequential manner together with that of 
the needed GPS satellites for positioning in order to is 
backup any one of the GPS satellites in the event of an 
emergency, and if one of the satellite signals from the 
GPS satellites in use for positioning became unreadable, 
the GPS receiver can switch the reception to the satellite 
signal from the backup GPS satellite to continue the po- 20 
sitioning. Therefore, even if any satellite signal becomes 
unreadable, the GPS receiver can find the offset fre- 
quency of the built-in clock by computation, unless the 
number of the captured satellites becomes less than 
three which is necessary for positioning. 25 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a flowchart showing operational steps as 
performed in a conventional method; 30 
Fig. 2 is a diagram showing a conventional method 
ot switching a search frequency; 
Fig. 3 is a diagram showing a method of switching 
a search frequency embodying the present inven- 
tion; 35 
Fig. 4 is a flowchart showing operational steps as 
performed in the embodiment of Fig. 3; 
Fig. 5 is a diagram showing another method of 
switching a search frequency embodying the 
present invention; 40 
Fig. 6 is a flowchart showing operational steps as 
performed in the embodiment of Fig. 5; 
Fig. 7 is a diagram showing a Doppler shift curve of 
a satellite signal receiving frequency; 
Fig. 8 is a diagram showing still another method of 4 $ 
switching a search frequency embodying the 
present invention; 

Fig. 9 is a flowchart showing operational steps as 
performed in the embodiment of Fig. 8; 
Fig. 1 0 is a diagram showing yet another method of so 
switching a search frequency embodying the 
present invention; and 

Fig. 11 is a flowchart showing operational steps as 
performed in the embodiment of Fig. 10. 

55 

PREFERRED EMBODIMENTS OF THE INVENTION 

Preferred embodiments of this invention will now be 



described by referring to the accompanying drawings. 

Fig. 3 is a diagram showing a method of switching 
a search frequency embodying the present invention and 
Fig. 4 is a flowchart showing operational steps to be per- 
formed by the embodiment of Fig. 3. It is assumed that 
a GPS receiver is in a state of receiving a satellite signal 
on a receiving frequency fr. 

If a vehicle carrying the GPS receiver enters behind 
a building while receiving a satellite signal from a desired 
GPS satellite on the receiving frequency fr and the sat- 
ellite signal becomes unreadable (step [1] of Fig. 4) for 
a predetermined period of time, for example, one minute 
(step [2]), the GPS receiver starts the operation for re- 
capturing the GPS satellite at the point of time T1 when 
the one minute has elapsed after losing the contact. 

That is, If it is assumed that a PLL capture range of 
the GPS receiver is ± 1 50 Hz = 300 Hz and the maximum 
shift range of the satellite signal receiving frequency is ± 
8,600 Hz, it is necessary for the GPS receiver to perform 
± 28 steps, or 56 steps in sum of upper and lower sides, 
for switching the search frequencies in order to search 
the entire band width of the maximum frequency shift 
range of ± 8,600 Hz of the satellite signal receiving fre- 
quency. 

However, according to the present invention, in the 
first embodiment thereof, firstly, a number of search 
steps "n" for a preset initial value is set to, for example, 
n = ± 2 steps (step [3]), and then, as shown in Fig. 3, the 
search for the satellite signal is repeated for a preset 
number of times k, for example, k = 2 times (step [4]) 
while switching the PLL search frequencies to cover the 
range of n = ± 2 steps with the receiving frequency fr at 
the time of interruption in the center. 

If the GPS receiver fails to receive the satellite signal 
during this first search, it is determined that there is no 
satellite signal receiving frequency within the range of ± 
2 steps, and the number of search steps "n" is increased 
by a predetermined number of increasing steps S, for 
example, S = ± 2 steps, and in turn changed to n = 4 
steps (step [5]). 

After deciding whether or not the number of search 
steps V exceeds a preset limit number (step [6]), the 
search operation is transferred to a second search op- 
eration (step [3]) and thereby the search is repeated for 
k = 2 times (step [4]) while switching the PLL search fre- 
quencies to cover the range of n = ± 4 steps. 

As described above, the number of search steps is 
increased by the predetermined number of increasing 
steps S, whenever the GPS receiver fails to recapture a 
GPS satellite, until the number of steps reaches to the 
preset limit number of steps by repeating the search for 
the satellite signal (step [6]). 

Since the satellite signal receiving frequency chang- 
es its value gradually at a specific Doppler shift rate as 
described above, the possibility for the GPS satellite to 
be recaptured at any point of timing during the above de- 
scribed search operations is very high. Therefore, in the 
embodiment of Fig. 3, it is not necessary to sweep the 
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entire band width of the maximum frequency shift range 
of ± 8,600 Hz with search steps by switching the search 
frequencies from the beginning, and it is possible to re- 
capture the GPS satellite within a short period of time. 

When the GPS satellite has not been recaptured 
even if the search steps are increased to the preset limit 
number of steps (step [6]), the search mode may be re- 
turned to the conventional wide-band search mode after 
passing the point of time T2 of Fig. 3 (step [7]), wherein 
the search operation is performed by switching search 
frequencies with ± 28 steps, totally 56 steps on both up- 
per and lower sides, to cover the entire band width of the 
maximum frequency shift range ± 8,600 Hz of the satel- 
lite signal receiving frequency. 

Now referring to Figs. 5 and 6, whereby Fig. 5 is a 
diagram showing another method of switching a search 
frequency embodying the present invention and Fig. 6 is 
a flowchart showing operational steps as performed in 
the embodiment of Fig. 5. 

As described above, the satellite signal receiving 
frequency fr varies with the lapse of time, for example, 
as shown in Fig. 7, according to a specific rate of the 
Doppler shift. I n the embodiment of Fig. 5, a narrow band 
search for the satellite signal is performed by varying the 
center frequency of the PLL search frequency along the 
Doppler shift curve L of Fig. 7. 

Assuming nowthat the vehicle, while receiving a sat- 
ellite signal from a specific GPS satellite at the receiving 
frequency fr, enters into a shade of a building, for exam- 
ple, for being interrupted to receive the satellite signal 
(step [1 1 ] of Fig. 6) and the state of this interruption lasts 
for a predetermined period of time, for example, one 
minute (step [12]), the GPS receiver starts the search 
operation for recapturing the GPS satellite according to 
the present invention at the point of time T1 where the 
one minute has elapsed. 

In the search operation, the Doppler shift frequency 
at the point of time at which the search has started is 
calculated at first (step [1 3]). 

In the first search operation, the satellite signal re- 
ceiving frequency f r at the point of time at where the sat- 
ellite signal reception became unreadable is assigned as 
the Doppler shift frequency and, as shown in Fig. 5, the 
search operation for the satellite signal is repeated for 
the preset number of times k, for example, k = 2 times, 
by swinging the PLL search frequencies across the 
range of preset steps, for example, ± 3 steps, with the 
assigned Doppler shift frequency fr in the center (steps 
[14]) and [15]). 

When the GPS satellite has not been recaptured 
during the first search operation, the program returns to 
step [13], and thereby the Doppler shift frequency f r2 for 
the second search operation along the Doppler shift 
curve L is calculated. Hence, the second search opera- 
tion for the satellite signal is repeated two times by swing- 
ing the PLL search frequencies across of the range of ± 
3 steps, with the calculated Doppler shift frequency fr2 
in the center (steps [14] and [15]). 



Whenever the recapturing of the GPS satellite fails, 
new Doppler shift frequencies fr3, fr4, fr5, fr6, fr7... p 
which vary along the Doppler shift curve L of Fig. 7, are 
computed in succession, and the search for the satellite 

s signal is repeatedly carried out by swinging the PLL 
search frequencies across the range of ± 3 steps with 
each of the above computed Doppler shift frequency in 
the center respectively. 

Since the satellite signal receiving frequency grad- 

10 ually changes its value at a specific Doppler shift rate as 
described above, there is a high possibility of recapturing 
the GPS satellite at any point of timing during the above 
described search operations. Therefore, in the embodi- 
ment of Fig. 5, it is not necessary to swing the search 

is frequencies through switching steps across the entire 
band of the maximum shift range of ± 8,600 Hz, and thus 
it is possible to recapture the GPS satellite in a short time 
while keeping the search within a narrow band. 

As it is apparent from the above described embodi- 

20 ments of this invention that it is possible for a GPS re- 
ceiver, after a vehicle passing through a place at where 
the reception of the satellite signal is interrupted, such 
as in a tunnel, to recapture the GPS satellite in a short 
time for recovering the function to perform the positioning 

25 which is the primary function of the GPS receiver. 

Now referring to Figs. 8 and 9, Fig. 8 shows still an- 
other embodiment of the invention and Fig. 9 is a flow- 
chart showing operational steps therefor. It is assumed 
that the GPS receiver is now receiving a satellite signal 

30 on a satellite signal receiving frequency fr in Fig. 8. 

Again it is assumed that the vehicle, while receiving 
a satellite signal from a specific GPS satellite on the re- 
ceiving frequency fr, enters a shade of a building, for ex- 
ample, for being interrupted to receive the satellite signal 

35 (step [1] of Fig. 9) and the state of the interruption lasts 
for a predetermined period of time, for example, one 
minute (step [2]), the GPS receiver starts the operation 
for recapturing the GPS satellite in accordance with a 
narrow band search, which a feature of this invention, at 

40 the point of time T1 where the one minute has elapsed 
from the interruption. 

If the PLL capture range of the GPS receiver is ± 
1 50 Hz = 300 Hz and the rate of the Doppler shift of the 
satellite signal receiving frequency is 40 Hz/min, the 

45 center of the PLL search frequency is switched in two 
steps of ± 300 Hz and ± 600Hz by centering the receiving 
frequency fr at which the interruption of reception has 
occurred, as shown in Fig. 8, for the period of 2 minutes 
45 seconds from the time T1 to time T2, whereby the 

50 search for the satellite signal is performed within the 
range of ± 750 Hz about the receiving frequency f r being 
centered. Since the search range is narrow, it is possible 
to recapture the GPS satellite within a shortest possible 
time. 

55 When the GPS satellite is recaptured successfully 
before 3 minutes 45 seconds elapses, it is not necessary 
to perform a wide band search to follow and, hence, the 
operation for recapturing the GPS satellite is terminated 
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(Yes in step [4]). 

On the other hand, if the GPS satellite could not be 
recaptured within the period of 3 minutes and 45 sec- 
onds, the program proceeds to step [5]. (No in step (4]), 
that is, the Doppler frequency of the GPS satellite at the 5 
time when the above period has elapsed is recalculated 
with use of orbital information of the GPS satellite being 
stored in the GPS receiver. On the basis of this recalcu- 
lation, an estimated satellite signal receiving frequency 
frr after the 3 minutes 45 seconds has elapsed is ob- io 
tained (step [5]). The GPS receiver is then switched from 
the narrow-band search mode to a wide-band search 
mode after passing this 3 minutes 45 seconds, and 
thereafter, the wide-band search for the satellite signal 
is performed by switching the PLL search frequency in is 
sequence across the entire width of the maximum shift 
range of ± 8,600 Hz with centering the estimated satellite 
signal receiving frequency frr (step [6]). Thus, after the 
3 minutes 45 seconds have elapsed, the wide-band 
search is performed by the GPS receiver with the center 
frequency predicted as to be the most close to the sat- 
ellite signal receiving frequency at that point of time. 
Therefore, it is possible to recapture the GPS satellite in 
a short time. 

According to the above described another embodi- 
ment of this invention, it is possible for the GPS receiver 
that, when the satellite signal which has been in recep- 
tion becomes unreadable for more than a predetermined 
period of time, firstly a narrow-band search is performed 
for a specific period of time and secondly a wide-band 
search is performed. Therefore, the GPS satellite can be 
recaptured whether by the narrow-band search or by the 
wide-band search in a short time and the GPS receiver 
can recover its primary function of positioning in such a 
short period of time. 

Referring to Fig. 10, there is shown still another em- 
bodiment of this invention in a block form. Fig. 11 is a 
flowchart showing operational steps to be performed by 
the embodiment of Fig. 10. Now, it is assumed that the 
GPS receiver is receiving the satellite signal on a receiv- 
ing frequency fr1 in Fig. 10. 

If the vehicle, for example, enters behind a building 
and the like while receiving a specific satellite signal on 
the above mentioned receiving frequency f r1 and inter- 
rupted to receive the satellite signal (step [1] in Fig. 11) 
and if the sate of this interruption lasts for a predeter- 
mined period of time, for example, one minute (step [2]), 
the GPS receiver starts a wide-band search for the first 
time (step [3]) and performs an operation for recapturing 
the GPS satellite for a predetermined period of time, for 
example, 180 seconds (step [3]). During this first 
wide-band search, the search operation is performed 
with the satellite signal receiving frequency f r1 at which 
the interruption has occurred in the center. 

If the desired GPS satellite has not been recaptured 
through the first wide-band search even when the pre- 
determined period of time (180 seconds) has elapsed 
(step [4]), a second wide-band search will start in the 



next. 

Prior to the start of the second wide-band search, a 
Doppler frequency fd of the GPS satellite is calculated 
according to the orbital information such as almanac 
data or ephemeris data being received and stored in the 
GPS receiver and, also, an offset frequency fo of the 
built-in clock of the GPS receiver is calculated through 
positional reckoning. Thereupon, an estimated satellite 
signal receiving frequency is found by f r2 = fd + fo at the 
time of starting the second wide-band search (step [5]). 

After finding the estimated satellite signal receiving 
frequency fr2, the second wide-band search is started 
with the estimated satellite signal receiving frequency fr2 
in the center (step [6]) and the operation for recapturing 
the GPS satellite is performed for the predetermined pe- 
riod of time (180 seconds) (step [7] and [8]). When the 
satellite is recaptured within the predetermined period of 
time, the operational steps will end. 

If no GPS satellite has been recaptured even if the 
predetermined period of time has elapsed, the program 
is returned to step [5], and thereby another estimated 
satellite signal receiving frequency fr3 for the third 
wide-band search is recalculated, hence a wide-band 
search for the GPS satellite is performed again with the 
recalculated receiving frequency fr3 in the center, in the 
same manner as in the first wide-band search (steps [5] 
through [8]). 

Thereafter, similarly to the above, by finding the es- 
timated satellite signal receiving frequency fri (i = 2, 3, 
4, ...) every time after failing to recapture the GPS satel- 
lite in the preceding wide-band search, successive 
wide-band searches are repeatedly performed until the 
GPS satellite is recaptured. Since, searches for the sat- 
ellite signal are repeated with the frequencies predicted 
to be the closest to the receiving frequency in the center, 
the probability of recapturing the GPS satellite is in- 
creased, thus resulting in expeditious recapturing of the 
GPS satellite. 

In the embodiment of Fig. 1 0, a duration of 1 80 sec- 
onds is adopted as the predetermined period of time for 
allowing the repetition of wide-band searches, however, 
this is only because that three GPS satellites are select- 
ed for the GPS receiver to perform positioning and there- 
by 180 seconds is given by 3 x 56 = 168 seconds which 
is required for receiving satellite signals from three GPS 
satellites in sequence and this resultant is nearly equal 
to 180 seconds. Accordingly, the predetermined period 
of time for providing repetitive wide-band searches is not 
limited to 180 seconds but to the most suitable length of 
time correspondingly with a number of GPS satellites, a 
number of receiving channels, a method of combining 
the sequential receptions, etc. 

In the embodiment of Fig. 10, the recapturing of the 
GPS satellite has been described, however, in case of 
an initial capturing of a GPS satellite, it is the only differ- 
ence that the first wide-band search is performed by uti- 
lizing a satellite signal receiving frequency obtained by 
calculating the almanac data of the GPS satellite and the 
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rest of the operational steps are the same as those of 
recapturing the GPS satellite described above. 

According to the present invention, it makes possi- 
ble for a GPS receiver, after a vehicle passing through a 
place at where the reception of the satellite signal is in- 
terrupted, such as in a tunnel, to recapture the GPS sat- 
ellite in a short time by widening a band width of the PLL 
search frequency gradually every after repeating the 
search for the satellite signal or by performing a nar- 
row-band search repeatedly as varying its center fre- 
quency along the Doppler shift curve for recovering the 
function to perform the positional reckoning which is the 
primary function of the GPS receiver. 

Further, according to the present invention, it is pos- 
sible for the GPS receiver that, when the satellite signal 
which has been in reception becomes unreadable for 
more than a predetermined period of time, firstly a nar- 
row-band search is performed for a specific period of 
time which is given by dividing the capture range of the 
PLL circuit by the Doppler shift rate and, secondly, when 
the satellite signal has not been received through the 
narrow-band search, a wide-band search is performed 
with use of an estimated satellite signal receiving fre- 
quency which is given by recalculating the Doppler fre- 
quency of the GPS satellite at the very moment accord- 
ing to the almanac data of the GPS satellite and is as- 
signed as the center frequency. Therefore, the satellite 
signal can be recaptured whether by the narrow-band 
search or by the wide-band search in a short time and 
the GPS receiver can recover its primary function of po- 
sitioning in such a short period of time. 

Stiii further, according to the GPS satellite tracking 
system of the present invention, the search for GPS sat- 
ellites is repeatedly performed with the estimated satel- 
lite signal receiving frequency in the center such that, in 
case of recapturing GPS satellites, the estimated satel- 
lite signal receiving frequency is used from the second 
search and that, in case of initial capturing of GPS sat- 
ellites, the estimated satellite signal receiving frequency 
is used from the beginning. Therefore, the capturing of 
the GPS satellite can be performed quickly. 

Although the present invention has been described 
in detail with reference to the presently-preferred embod- 
iments, it should be understood by those of ordinary 
skilled in the art that various modifications can be made 
without departing from the spirit and scope of the inven- 
tion. Accordingly, the invention is not to be limited except 
as by the appended claims. 



Claims 

1. For use with a GPS receiver arranged to start a 
search for recapturing a GPS satellite signal when 
reception of said satellite signal is lost for a prede- 
termined period of time, a GPS satellite signal track- 
ing method for a GPS receiver being characterized 
by including the steps ot: 



starting a search for a satellite signal with the 
lost satellite signal receiving frequency in the 
center of a PLL search frequency; and 
gradually and successively widening a band 
5 width of the PLL search frequency after each 

search and repeating the search for the satellite 
signal until said satellite signal is recaptured. 

2. A GPS satellite signal tracking method according to 
10 claim 1, wherein said widening is performed by 

increasing a predetermined number of search steps. 

3. A GPS satellite signal tracking method according to 
claim 2, wherein said increasing is performed until 

15 the total number of search steps reaches a prede- 
termined limit number of search steps. 

4. For use with a GPS receiver arranged to start a 
search for recapturing a GPS satellite signal when 

20 reception of said satellite signal is lost for a prede- 
termined period of time, a GPS satellite signal track- 
ing method for a GPS receiver being characterized 
by including the steps of: starting a narrow-band 
search for a satellite signal with the lost satellite sig- 

25 nal receiving frequency in the center of a PLL search 
frequency; and successively varying the center fre- 
quency of the PLL search frequency along a Doppler 
shift curve of the satellite signal receiving frequency 
and repeating said narrow-band search at the thus 

30 varied center frequency until said satellite signal is 
recaptured. 

5. A GPS satellite signal tracking method according to 
claim 4, wherein said narrow-band search is per- 

35 formed by swinging the PLL search frequency within 
a predetermined number of search steps. 

6. For use with a GPS receiver arranged to start a 
wide-band search for recapturing a satellite signal 

40 by varying a PLL search frequency widely across the 
entire width of the maximum variable range of a sat- 
ellite signal receiving frequency when reception of a 
satellite signal is lost for a predetermined period of 
time, a GPS satellite signal tracking method for GPS 

45 receiver being characterized by including the steps 
of: 

initially conducting a narrow-band search for a sat- 
ellite signal with the lost satellite signal receiving fre- 
quency in the center of said narrow-band search for 

50 a period of time given by dividing a PLL capture 
range by a Doppler shift rate of the satellite signal 
receiving frequency being caused by the movement 
of the GPS satellite within such a frequency shift 
range as defined by the Doppler shift rate and a Dop- 

55 pier shift being caused by a travelling speed of the 
GPS receiver; and thereafter starting a wide-band 
search for the satellite signal with an estimated sat- 
ellite signal receiving frequency in the center after 
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failing to recapture the satellite signal within said 
period of time, said estimated satellite signal receiv- 
ing frequency being determined by recalculating the 
Doppler frequency of the GPS satellite at the time 
when said period of time has elapsed from orbital s 
information of the GPS satellite stored in the GPS 
receiver. 

7. A G PS satellite signal tracking method according to 
claim 6, wherein said narrow-band search is per- io 
formed by switching the center frequency of the PLL 
search frequency. 

8. A GPS satellite signal tracking method according to 
claim 6, wherein said wide-band search is per- 15 
formed by switching the PLL 

search frequency across the entire band width of the 
maximum frequency shift range of the satellite signal 
receiving frequency. 

20 

9. For use with a GPS receiver arranged to start a 
wide-band search repeatedly for recapturing a GPS 
satellite by varying a PLL search frequency widely 
across the entire width of the maximum frequency 
shift range of a satellite signal receiving frequency 25 
when reception of a satellite signal is lost for a pre- 
determined period of time, a GPS satellite signal 
tracking method for GPS receiver being character- 
ized by including the steps of: 

30 

estimating a satellite signal receiving frequency 
ai the lime of commencing a wide-band search 
at least from the second time and thereafter by 
recalculating a Doppler frequency of the GPS 
satellite and an offset frequency of a built-in 3$ 
clock of the GPS receiver at the time when the 
wide-band search is started; and 
conducting the wide-band search with the esti- 
mated satellite signal receiving frequency in the 
center of said wide-band search for a predeter- 40 
mined period of time. 

10. A GPS satellite signal tracking method according to 
claim 9, wherein said Doppler frequency is derived 
from orbital information stored in the GPS receiver *s 
and said offset frequency of the built-in clock of the 
GPS receiver is derived from reckoning. 



Patentanspruche so 

1. GPS-Satelliten-Signalfolgeverfahren fur einen 
GPS-Empfanger zur Verwendung mit einem 
GPS-Empfanger, derdazu ausgeJegt ist, eine Suche 
zur Wiedererfassung eines GPS-Signals zu starten, 55 
wenn der Empfang des Satellitensignals fur eine 
vorbestimmte Zeitperiode verloren wird, gekenn- 
zeichnet durch die Schritte: 



Starten einer Suche nach einem Satellitensi- 
gnal mit der Empfangs f requenz des verlorenen 
Satellitensignals in der Mitte einer PLL-Suchf re- 
quenz, und 

allmahliches sowie aufeinanderfolgendes 
Erweitern einer Bandbreite der PLL-Suchfre- 
quenz nach jeder Suche und Wiederholen der 
Suche nach dem SateUitensignal, bis das Satel- 
litensignal wiedererfafM wird. 

2. GPS-Satelliten-Signalfolgeverfahren nach Anspruch 

1 , wobei das VergrdBerung durch VergrdGem einer 
vorbestimmten Anzahl von Suchschritten durchge- 
fuhrt wird. 

3. GPS-Satelliten-Signalfolgeverfahren nach Anspruch 

2, wobei die VergrbGerung durchgefuhrt wird, bis die 
Gesamtanzahl von Suchschritten eine vorbestimmte 
begrenzte Anzahl von Suchschritten erreicht. 

4. GPS-Satelliten-Signalfolgeverfahren fur einen 
GPS-Empfanger zur Verwendung mit einem 
GPS-Empfanger, derdazu ausgelegt ist, eine Suche 
zur Wiedererfassung eines GPS-Signals zu starten, 
wenn der Empfang des Satellitensignals fur eine 
vorbestimmte Zeitperiode verloren wird, gekenn- 
zeichnet durch die Schritte: 

Starten einer Schmalbandsuche nach einem Satel- 
litensignal mit der Empfangsfrequenz des verlore- 
nen Satellitensignals in der Mitte einer PLL-Suchfre- 
quenz, und aufeinanderfolgendes Variieren der Mit- 
tenfrequenz der PLL-Suchfrequenz entlang einer 
Doppler- Verschiebungskurve der Satellitensi- 
gnal-Empfangsfrequenz und Wiederholen der 
Schmalbandsuche bei der derart variierten Mitten- 
frequenz, bis das SateUitensignal wiedererfaGt wird. 

5. GPS-Sateltiten-Signalfolgeverfahren nach Anspruch 
4, wobei die Schmalbandsuche durch Durchstimmen 
der PLL-Suchfrequenz innerhalb einer vorbestimm- 
ten Anzahl von Suchschritten durchgefuhrt wird. 

6. GPS-Satelliten-Signalfolgeverfahren fur einen 
GPS-Empfanger zur Verwendung mit einem 
GPS-Empfanger, der dazu ausgelegt ist, eine Breit- 
bandsuche zum Wiedererfassen eines Satellitensi- 
gnals durch Variieren einer PLL-Suchfrequenz weit 
uber die gesamte Breite des maximalen variablen 
Bereichs einer Satellitensignal-Empfangsfrequenz 
zu starten, wenn der Empfang eines Satellitensi- 
gnals fur eine vorbestimmte Zeitperiode verloren- 
geht, gekennzeichnet durch die Schritte: 
anfangliches Durchfuhren einer Schmalbandsuche 
nach einem SateUitensignal mit der Empfangsfre- 
quenz des vorlorenen Satellitensignals in der Mitte 
der Schmalbandsuche fur eine Zeitperiode, die 
durch Dividieren eines PLL-Einfangbereichs durch 
eine Doppler-Verschiebungsrate der Satellitensi- 
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gnal-Empfangsfrequenz gegeben ist, die durch die 
Bewegung des GPS-Satelliten innerhalb eines der- 
artigen Frequenzverschiebungsbereichs veranlaGt 
wird, wie er durch die Doppler-Verschiebungsrate 
festgelegt ist, und eine Dopplerverschiebung, die 
durch eine Fahrtgeschwindigkeit des GPS-Empfan- 
gers verursacht ist, und daraufhin Starten einer 
Breitbandsuche nach dem Satellitensignal mit einer 
geschatzten Satellitensignal-Empfangsfrequenz in 
der Mitte, nachdem das Wiedererfassen des Satel- 
litensignals innerhalb der Zeitperiode miBlungen ist, 
wobei die geschatzte Satellitensignal-Empfangsfre- 
quenz durch Wiederberechnen der Doppler-Fre- 
quenz des GPS-Satelliten zu der Zeit ermittelt wird, 
wenn die Zeitperiode von der Orbital-Information 
uber den GPS-Satelliten, die im GPS-Empfanger 
gespeichert ist, abgelaufen ist. 

7. GPS-Satelliten-Signalfolgeverfahren nach Anspruch 
6, wobei die Schmalbandsuche durch Umschalten 
der Mittenfrequenz der PLL-Suchfrequenz durchge- 
fuhrt wird. 

8. GPS-Satelliten-Signalfolgeverfahren nach Anspruch 
6, wobei die Breitbandsuche durch Umschalten der 
PLL-Suchfrequenz uber die gesamte Bandbreite des 
maximalen Frequenzverschiebebereichs der Satelli- 
tensignal-Empfangsfrequenz durchgefuhrt wird 

9. GPS-Satelliten-Signalfolgeverfahren fur einen 
GPS-Empfanger zur Verwendung mit einem 
GPS-Empfanger, der dazu ausgelegt ist, wiedemolt 
eine Breitbandsuche zur Wiedererfassung eines 
GPS-Satelliten durch Variieren einer PLL-Suchfre- 
quenz weit uber die gesamte Breite eines maxima- 
len Frequenzverschiebungsbereichs einer Satelli- 
tensignal-Empfangsfrequenz zu starten, wenn der 
Empfang eines Satellitensignals fur eine vorbe- 
stimmte Zeitperiode verlorengeht, umfassend die 
Schritte: 

Schatzen einer Satellitensignal-Empfangsfre- 
quenz zu der Zeit, zu der eine Breitbandsuche 
zumindest zum zweiten Mai begonnen wird, 
und daraufhin Wiederberechnen einer Dopp- 
ler-frequenz des GPS-Satelliten und eine Off- 
set-Frequenz eines eingebauten Taktgebers 
des GPS-Empf angers zu der Zeit, wenn die 
Breitbandsuche gestartet wird, und 
DurchfOhren der Breitbandsuche mit der 
geschatzten Satellitensignal-Empfangsfrequenz 
in der Mitte der Breitbandsuche fur eine vorbe- 
stimmte Zeitperiode. 

10. GPS-Satelliten-Signalfolgeverfahren nach Anspruch 
9, wobei die Dopplerfrequenz aus derOrbitat-lnforma- 
tion abgeleitet wird, die in dem GPS-Empfanger 
gespeichert ist, und wobei die Offset-Frequenz des 



eingebauten Taktgebers des GPS-Empf angers aus 
der Positionsermittlung abgeleitet wird. 



5 Revendications 

1. Precede de poursuite de signaux satellites GPS 
pour recepteur GPS destine a dtre utilise avec un 
recepteur GPS agence pour commencer une 

10 recherche pour recapturer un signal satellite GPS 
lorsque la reception dudit signal satellite est perdue 
pendant une periode de temps pr6determinee, etant 
caracterise en ce qu'il comprend les etapes consis- 
tanta: 

75 

commencer une recherche d'un signal satellite 
avec la frequence de reception de signaux 
satellites perdue au centre d'une frequence de 
recherche PLL (phase-locked loop : boucle a 

20 phase asservie) ; et a 

graduellement et successivement eiargir une 
largeur de bande de la frequence de recherche 
PLL apres chaque recherche et r6peter la 
recherche du signal satellite jusqu'a ce que ledit 

25 signal satellite soit recapture. 

2. Proc6d6 de poursuite de signaux satellites GPS 
selon la revendication 1, dans lequel ledit elargisse- 
ment est realise en augmentant un nombre prede- 

30 termine d'etapes de recherche. 

3. Precede de poursuite de signaux satellites GPS 
selon la revendication 2, dans lequel ladite augmen- 
tation est realisee jusqu'a ce que le nombre total 

35 d'etapes de recherche atteigne un nombre limite 
predetermine d'etapes de recherche. 

4. Precede de poursuite de signaux satellites GPS 
pour recepteur GPS destine a dtre utilise avec un 

40 recepteur GPS agence pour commencer une 
recherche pour recapturer un signal satellite GPS 
lorsque la reception dudit signal satellite est perdue 
pendant une periode de temps pred6termin6e, etant 
caract£ris6 en ce qu'il comprend les 6tapes consis- 
ts tant a : 

commencer une recherche a bande etroite d'un 
signal satellite avec la frequence de reception de 
signaux satellites perdue au centre d'une frequence 
de recherche PLL ; et changer successivement la 
so frequence centrale de la frequence de recherche 
PLL le long d'une courbe de defacement Doppler 
de la frequence de reception de signaux satellites et 
a r6p6ter ladite recherche a bande etroite a la fre- 
quence centrale ainsi chang6e jusqu'a ce que ledit 
55 signal satellite soit recapture. 

5. Precede de poursuite de signaux satellites GPS 
selon la revendication 4, dans lequel ladite recher- 
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che a bande etroite est realisee en faisant osciller la 
frequence de recherche PLL a I'int6rieur d'un nom- 
bre predetermine d'6tapes de recherche. 

6. Procede de poursuite de signaux satellites GPS 
pour recepteur GPS destine a etre utilise avec un 
recepteur GPS agence pour commencer une 
recherche a large bande pour recapturer un signal 
satellite en changeant une frequence de recherche 
PLL largement sur toute la largeur de la plage varia- 
ble maximale d'une frequence de reception de 
signaux satellites lorsque la reception d'un signal 
satellite est perdue pendant une periode de temps 
predeterminee, etant caracterise en ce qu'il com- 
prend les etapes consistant a : 

effectuer initialement une recherche a bande etroite 
d'un signal satellite avec la frequence de reception 
de signaux satellites perdue au centre de ladite 
recherche a bande etroite pendant une periode de 
temps donn6e en divisant une plage de capture PLL 
par un rapport de deplacement Doppler de la fre- 
quence de reception de signaux satellites etant pro- 
voque par le mouvement du satellite GPS a I'int6- 
rieur d'une telle plage de deplacement de frequence 
comme defini par le rapport de deplacement Dop- 
pler et un deplacement Doppler etant provoque par 
une Vitesse de poursuite du recepteur GPS ; et par 
consequent, commencer une recherche a large 
bande du signal satellite avec une frequence de 
reception de signaux satellites estim6e au centre 
apres echec de la recapture du signal satellite a 
rinterieur de iadite periode de temps, ladite fre- 
quence de reception de signaux satellites estimee 
etant d6termin6e par le nouveau calcul de la fre- 
quence Doppler du satellite GPS au moment ou 
ladite periode de temps s'est ecouiee depuis I'infor- 
mation orbitale du satellite GPS enregistree dans le 
recepteur GPS. 

7. Proc6d6 de poursuite de signaux satellites GPS 
selon la revendication 6, dans lequel ladite recher- 
che a bande etroite est r6alis6e en commutant la fre- 
quence centrale de la frequence de recherche PLL 

8. Proc6de de poursuite de signaux satellites GPS 
selon la revendication 6, dans lequel ladite recher- 
che a large bande est realisee en commutant la fre- 
quence de recherche PLL sur toute la largeur de 
bande de la plage de deplacement de frequence 
maximale de la frequence de reception de signaux 
satellites. 

9. Proc6d6 de poursuite de signaux satellites GPS 
pour recepteur GPS destine a §tre utilise avec un 
recepteur GPS agence pour commencer une 
recherche a large bande de maniere rep6t6e pour 
recapturer un signal satellite GPS en changeant une 
frequence de recherche PLL largement sur toute la 



largeur de la plage de deplacement de frequence 
maximale d'une frequence de reception de signaux 
satellites lorsque la reception d'un signal satellite est 
perdue pendant une periode de temps predetermi- 
5 nee, etant caracterise en ce qu'il comprend les eta- 
pes consistant a : 

estimer une frequence de reception de signaux 
satellites au moment de commencer une recherche 
a large bande au moins a partir de la deuxieme fois 

10 et par la suite, par nouveau calcul d'une frequence 
Doppler du satellite GPS et d'une frequence de 
d6calage d'une horloge integree du recepteur GPS 
au moment ou la recherche a large bande est 
commencee ; et a 

is effectuer la recherche a large bande avec la fre- 
quence de reception de signaux satellites estimee 
au centre le ladite recherche a large bande pendant 
une periode de temps predetermin6e. 

20 10. Proc6d6 de poursuite de signaux satellites GPS 
selon la revendication 9, dans lequel ladite fre- 
quence Doppler est d6riv6e de ('information orbitale 
enregistree dans le recepteur GPS et ladite fre- 
quence de decalage de I'horloge integree du recep- 

25 teur GPS est derivee du calcul. 
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FIG. 6 
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